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A t  the MSF Prograrn Revlew of  September 20, 1966, an 
t I  Apo1.1.0 action i t e m  was ass . igied t o ,  c on d u c t a c o inp r e h en s 5-17 e 

s t u d y  of launch recycle zapal;Llj . ty.  . : ' I '  A t a s k  f o r c e  vJas fo::~ed 
w i t h  t h e  foll.oviing lndividua1.s a c t i n g  as c e n t r a l  p o i n t  of  
contact for their respective o r g a n i z a t i o n s  : 

--. 0 r g I___cI_ a n i z at i on P r i n c i p a l  -- A1 t e r n a  t e - 

ICSC R .  E. Moser R .  Ha r r ing ton  

MSC C .  P e r r i n e  

MSFC L ,  Bell R. Eearnan 

T h e  l'i.rst p r e s e n t a t i o n  of  resu.l-ts occuwred a t  the MSF Proii;ra,m 
Review of November. 22, 1966. This niernorandum 1.s a r e c o r d  of 
t h e  p r f n c i p a l  findri.ngs, conc lus ions ,  and  a c t t o n  5 . l ;cms .  

11. Scope of t h e  Task Force E f f o r t  

T h e  Apol.1.o systeni w i l l  have to fv.nct:ion w i t h  I.aunc;h 
o p p o r t u n i t i e s  and launch  windows t h a t  are r i g i d l y  governed by. 
laws of p h y s i c s  and will have to accommodate changes in the 
cleta5.1.s of the mi.ssion plan for each s u c c e s s i v e  l a u n c h  attemp';. 
It is ' t h u s  h i p o r t a n t  t o  i d e n t i f y  t h e  response c h a r a c t e r i s t i c s  
of t h e  Apollo l u n a ?  l-al?d.ing system as  a v:hoIe and to bring t he  
response t fme cf t h e  system and the planned. . p a t t e r n  of i ~ r r i s s i o ~  
o p p o r t u m i t i e s  into kal . snce .  I 

.. . . . .. '.___ _IxI_-*.__ 
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1. 

2. 

3. 

T h i s  e f f o r t  i s  conce-rned ni t h  : 

I d e n t i f y i n g  t h e  
ments of  t h e  Apol1.0 systein j.ri t h e  p e r s p e c t l v e  of 
t h e  total program and emphasTzing t h e  c r i t i c a l .  
i t e m s .  

I 1  recyc le  I1 funckions  and r e q u i r e -  

Encoura.gl.ng maxrimu.m s p e c i f i c  defin.i.tj.on of t h e  
1 1  f ami ly"  of l u n a r  l and ing  mis s ions .  

P ropaga t ing  t h e  results of 1 and 2 above s o  t h a t  
t h e  various elements of t h e  Aijollo program, 
inc lu-d ing  suppor t ing  a c t i v l t i e s  .t have adequa te ly  
de f ined  requi rements  and can apprec j .a te  t h e i i -  
r equ i r emen t s  i n  t h e  c o n t e x t  of' t h e  f u n c t i o n s  o f  
t h e  e n t i r e  system. 

111, P r e s e n t a t i o n  Plater? al ~- __ 

The p r e s e n t a t i o n  o u t l j n e  i s  shown on Viewgraph 1. 
The Pour s e c t i o n s  a r e  desc r ibed  below and tl ie v-iev;graphs 
assccj a t e d  w i t h  each s e c t i o n  a r e  i d e n t i f i e d .  

1. P a t t e r n  of 4,pollo Ptission O p p o r t u n i t i e s .  

T h i s  s e c t i o n  inc luded  a rev iew cf t h e  
c o n s t r a i n i n g  e1.e~icnts t h a t  deterinihe t h e  pa t t e r r !  
of launch  op'portm:i.I;i.es f o r  t h e  l u n a ?  1 a~c3,ing 
miss ion  (Vier.:grapli 2 )  and the rat3 o n a l e .  behind  
t h e  s e l e c t i o n  of l u n m  landi .ng s:i.tes for t h a t  

i 1 1 u s t r a t :I. v e ex  amp 1 e , t h e  g r  o s s c h a r  a c t. e r  i s i; i c s 
of t h e  sequence o f  mis s ions  duri.ng 1968 were 
i d e n t i f i e d  (Viewgraphs 8 - 17) for a t y p l c a l  
set of  f i v e  l u n a r  l and ing  s i t e s  s e l e c t e d  f r o m  
t h e  a r e a s  photographed by Orb i - t e r s  I and 11. 

missi.on (Vier!grapl!.T 3 t!?rou@?-! 7) ' A:: a.n 

2 ,  Mission P r e p a r a t i o n s  Prior to I n i t i a l  Launch 
Oppor tuni ty .  

T h i s  s e c t i o n  included. a d e s c r i p t i o n  of  t h e  
niacjop a c t i v i t i e s  1.eacIl.ng to t h e  fiyst o f  a s e r i e s  
of l aunch  o p p o r t u n i t i e s  such  as t h a t  i ad i .  cated. 
s c h e m a t i c a l l y  i n  Viewgraph 18. These a c t i v i t i e s  
were ct.vid.ed i n t o  areas o f ,  (1) space Ve1iicI.e 
Hardivare, ( 2 )  Space -Vehicle Sof ' tvare ,  ( 3 )  Crei~ 
and Oinboard Da.ta and (14) Grourid Systems 
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3. Apo l lo  Systems C a p a b i l i t y  to : 

( b )  Recycle 

( e )  Keschedu.1.e 

T h i s  s e c t i o n  inc luded  a desc r i . p t lon  o f  t h e  
c a p a b i l i t y  t o  aceomnodate v a r i o u s  k i n d s  o f  I.aunch 
delays.  These a r e  de f ined  i n  t h e  schematic  diagram 
of Viewgraph 18. The c a p a b i l i t y t o ;  a )  hold  for 
a launch o c c u r r i n g  w i t i i i n  f o u r  hour s  o f  t h e  b e g l n n l n g  
of  t h e  launch  w5.nd.ov.i; b )  recycle f o r  a l aunch  
occurring a few days l a t e r ;  or e )  r e schedu le  f o r  a 
launch one o r  more months 1 -a t e r  was revie1;ied 
(Viewgraphs 24 throu-gh 29) , Viewgraph 30 c o n t a i n s  
a surnnia-ry of system requ.irements and  capab5 Iri.ti es 
and S ~ O V J S  the cur ren t  unde r s t and ing  of the need f o r  
mis s ion  data and t h e  a b i l i t y  to hold, r e c y c l e ,  or 
reschedule .  

I V .  ___- Program Requirem.ents - 

To g i v e  a d d i t i o n a l  d e f i n i t i o n  t o  the p1.ans for, the  
f t r s t  l u n a r  lartdring miss ion  and to act a s  a u n i f y i n g  focus fcr 
r e l a t e d  progranl activit3. e s  t h e  f o l l o w i n g  f o u ~  i.i;erns have been 
ident:i.i'ried. These are taken d i r e c t l y  from Vlevrg~aph 31 w i t h  
brief' e x p l a n a t i o n s  added. 



I 4. ... 

The t h r e e  launch  o p p o r t u n i t i e s  l i e  w i t h i n  an e5 gh t -  
day period which is detemn:i.ned by t h e  l r lgh t ing  c o n s t r a l n t  
a t  L M  land.lng and 1u.iiar l a n d l n g  s i t e  l o n g i t u d e s  cons t ra , ined  
t o  l i e  b.ztweeT! 514.5". Assuming d i f f i c u l t i e s  which e l i m i a t e d  
t;i? i I _ .  ;t planned day, two s p e c l f i c  o p p o r t u n i t i e s  wou.ld 
remai;. . ~f a d d i t i o n a l  o p p o r t u n i t i e s  were provid.ed w i t h i n  
t h e  eTgnt-day p e r i o d ,  thei-e would be a more f i n e l y  
graduated  s e t  from whic!? t o  choose t h e  n e x t  plamned. lau.ncl-1 
day. Eowever, t h e  spaci: vehi .c le  c u r r e n t l y  r e q u h e s  at 
least two days  for a f ; r l l  r e c y c l e .  
expec ted  t h a t  t h r e e  o r  ai; most foul- I.aunch a t t e m p t s  cou. ld  
a c t u a l - l y  occur r e g a r d l e s s  ol" how many o p p o r t u n l t i e s  were 
available. 

- 

It thus might be 

With t h e  7" t o  20" LM 15.C;hting c o n s t r a i n t  and t h e  k45' 
bomcls on l u n a r  l a n d i n g  s i t e  l o n g i t u d e ,  t h e  max:i.I;ium spacings 
b e t we e 3  t h r  e e s u.c c e s s 5 v e 1 au-n ch npp o  tun j. t j. e s a r e  1 j.mri. t e d t o 
about  t h r e e  days .  This assumes i! f a v o r a b l e  liaiar s u r f a c e  
and no o t h e r  constraining conditi .ona . It ri-s t,li:1s ma~?p;,;n'.nal.ly 
p o s sib I. e t ha. t t hi. e e 1 iiuil el? opp (-)I> ' ~ u n i  t 3. e s p e r  mon t,] 1 c oi I 1. d i? e 
supported w i t h  a 68-~1our  recycl-c  capa'~.i_~ i t y   t he t ? . m e  
between t h e  end of one l a i ~ n c h  window and t h e  begirmLrlg of 
t h e  launch windor.; on t h e  t h i r d  fo l lov5Lng day i s  6c h o u r s  
at a minimu::i) , Iiowevei-:, a !-i l~.--~-ioii:~ ~ , ' - , r *  I;Ly c1.e c a p a , b i l i t y  
p r o v i d e s  margin to a l low f o r  some s e r i e s  r e p a i r  t i n e  and 
imposes a more r easonab le  requi rement  on the pa . t t e rn  of 
lunai- l a n d i n g  s r i t e s ,  T. e .  , t h e r e  a r e  larger r e g i o n s  w i t h i n  
which to look f o r  a c c e p t a b l c  l a n d i n g  sites. 

It i s  n o t  yet c e r t a i n  t h a t  a 44-hour r e c y c l e  can be 
a p r a c t i c a l  r e a l i t y ,  however, p r e l i m i n a r y  woi-k i.ndic;ates 
i t  i s  p o s s i b l e .  

Using f r e e  r e t u r n  t r 2 J e c t o r i e s  m d  a s i n g l e  eclu.ator:ial 
l u n a r  l a n d i n g  s i t e ,  t h e  c h o l c e  of A5la.ntdc v e ,  P a c i f i - c  l.auncl-I 
window has 2?5 s tor3 .ca l ly  k,eel? reserved  t o  f a v o r  s e r v l c e  rnod-ule 
f u e l  requirernents . !.T:iLth current ,  1ight:irig constraints on 
t h e  LI'4 l a r i d i n g  the P z c j  f ? c  1.2unc1? vr5.ndoi;! 122s a much h i g h e r  



incLdence of d a y l i g h t  e a r t h  launches  than does the 
Atlant l ic  wiiTidov. 
s i t e s  neai? t h e  l u n a r  equa to r  but s l i g h t l y  d i s p e r s e d  i n  
l a t i t u d e ,  t h e  P a c i f i c  wiiidow can be used whi le  ina:i-ntail!.i.ilg-!taii!bg 
a c c e p t a b l e  s e m i c e  module f u e l  costs Assuming a favo-rable 
moon such t h a t  t h e  necessa ry  l a n d i n g  s i t e s  can be found,  
t h e r e  is no known d isadvantage  a s s o c i a t e d  w i t h  t h e  P a c l f i c  
window. 

By having a se l - ec t ion  between l a n d i n g  

The use  o f  a s i n g l e  t y p e  o f  window for t h e  f i r s t  . .  
rriJ.ss3.-. . nay have a d d i t i o n a l  f r i n g e  advantages  such a s  r educ ing  
t h e  I.- :L....i.:ied m o b i l i t y  of groumd suppor t  f o r c e s .  

Plan f o r  Two-Month Lead Time f o r  Lunch Date and Lunar. 
Landing STte I d e n t i i ' i c a t i o n ~  I_.-__ __~____I_.---_I - 

~ - 
The need t o  precompute a s e p a r a t e  package of d a t a  

for each p o t e n t i a l  launch opportu.ni ty  b e a r s  w i t h  i t  an 

c y c l e .  T h i s  sterns from the f a c t  t h a t  t h e  launch  d a t e  is 
d i f f i cu1 . t  to p r e d i c t  f a r  I n  advance and d a t a  paelrages 
need t o  be p repa red  f o r  a l l  p o s s i b l e  o p p o r t u n i t i e s .  If 
t h e  l e a d  t ime exceeds t h e  spac ing  be tveen  successive 
m i s s i o n s  ( e , g . ,  AS-503, AS-504, AS-5O5), t h e r e  may be 
a d d l t l o n a l  p a r a l l e l  p lanning  r e q u i r e d  t o  cover  v a r i o u s  
cont ingency  s i t u a t i o n s .  

i m p l i e d  cost for long l e a d  + . : % - A n n  -:r7 4 - L e  A n & ,  --,.- -..,nc.,',, 
~ . L I ! L C ~  - L I L  ~ I I C  ua b a  pIcpaJ. a CI.I.LJI~ 

Other  i m p l i c a t i o n s  of l o n g  l e a d  t imes  a r e ,  (1) long 
de:Lays i f  t h e  l u n a r  l and ing  s i t e (  s )  m u s t  be chz,i-ie;cci 
because  of l a t e  i n fo rma t ion ,  and ( 2 )  possib1.e p r o b l e n s  
In mc?-na.gj ng a n d  ma?.n'caining t h e  qual%i;y- of  the masscs of 
precomputed. d.a , ta ,  

The two-month l e a d  tj.riie has n o t  y e t  been demonsL~a ted .  
To be su.re o f  a c h i e v i n g  i t ,  t h e  mission c o n s t r a i n t s  and t h e  
g e n e r a l  r e g i o n  f r o m  which l u n a r  l a n d i n g  s i t e s  are chosen 
should  be i d e n b i f i e d  e a r l y  and remain f i x e d  f o r  a l l  o f  t h e  
p o s s i b l e  o p p o r t u n i t i e s  for t h e  f i r s t  l u n a r  m i s s i o n ,  

V .  Act ion  Items - 
Viewgraph 32 shows c o n t i n u i n g  p r o g r m  e f f o r t s  p r i o r  t o  

t h e  NSF' Program Review on November 22, 1966. The i t e m s  below 
i n c l u d e  these t o g e t h e r  w i t h  s e v e r a l  add5.t.i oi?al a c t i  oils i d e n ~ i -  
f iecl  d u r i n g  t h e  revier.! 
catego-rri e s .  

The actfioi.. i t e m  have been a r r anged  i n  



1 8 . .  . 
B E t L C O h l h 4 ,  I N C .  

b 

- 6 -  

Revier.: the e a r t h  1 avnch vindorq c o n s t p a i n t  s 
with  ernphas.is on de t e rmin ing  t h e  limits on 
the l e n g t h  of the wii2dorfj. 

Rev:iew t h e  IJM l i g h t i n g  c o n s t r a i n t  : including 
t h e  completeness and adequacy for s a f e  
l a n d i n g  and t h e  impact on t h e  p a t t e r n  of 
la-unch o p p o r t u n i t i e s  of p o t e n t i a l  changes.  

Determine which e a r t h  p a r k i n g  o r b i t  should  
be u.sed for t h e  l i i i t i a l  t r a n s l u n a r  i n j e c t i o n  
opportunity- . 
Es t ima te  t h e  impact on t h e  mission of a 
68-hour minimum r e c y c l e  t ime (measured from 
t h e  end of a 4-1iou.r l aunch  windovr t o  t h e  
beg inn ing  of t h e  laumch window on t h e  t h i r d  
f o l l o w i n g  d a y ) ,  

Hardware Recyle  arid Reschedule 
-__I -pu___-- 

I d e n t i f y  hardware c o n s t r a i n t s  re l .a ted  to 
a c h i e v i n g  a Qjj-hour  r e c y c l e  t ime (wi thou t  
se r ies  r e p a i r )  for s c r u b s  j u - s t  p r i o r  to 
i g n i t i o n  and de termine  step:; necessa ry  'GO 

assure a 44 -hour r e c y c l e  c a p a b i l i t y .  

Determ3ne f e a s l b i l t t y  and c o s t  of reqgal  f i fying 
S/C f u e l  c e l l s  and h y p e r g o l i c  components t o  
ach ieve  t h i r d  nionth capa? i iLi ty  

I d e n t i f y  t h e  c a p a b i l i t i e s  and problems a s s o c i a t e d  
w i t h  checkout and t e s t i n g  a f t e r .  t h e  systems have 
been wetted.. 

Determine c a p a b i l i t y  and/or d e s i r a , b i l i t y  o f  
ex tend ing  t h e  hoId t ime of  t h e  v e h i c l e  to 
embrace two s u c c e s s i v e  launch  windows, 

( a )  Determine the schedu.le of events for a two-month 
r e sponse  capahLlTty  n?ea.siared from t h e  t ime t h e  
l u n a r  l and i9g  sites a r e  ident:if ' ied. t o  t h e  day 
of  launch .  



. 
+ 

1 1  (b) P r o v l d e  a t y p f c a l  " miss ion  d a t a  package 
f o r  use p r i o r  t o  T-one month. 

( e )  Determlne tile comguter work l o a d  a s s o c i a t e d  
w i t h  mis s ion  preparat: ion work. 

( d )  Def jne  on-board d a t a  tha. t  a r e  mission s e n s i  t i v e  
o r  r e l a t e d  t o  t h e  p a r t i c u l a r  l u n a r  l a n d i n g  s i t e  
used .  

( e )  Ref ine  t h e  r equ i r emen t s  and sequence of  e v e n t s  
f o r  rnap p r e p a r a t i o n  and landmark ident . i f  i ca t i . on  . 

201-RLW-rms 

copy to 
D'lessrs. I?. 0 .  A l l e r  - NASA/IdAO 
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